Electrophysiological and morphological properties of rat motor cortex neurons in vivo.
This paper describes results obtained from intracellular recordings and stainings of motor cortex neurons in the rat in vivo. Rats were anesthetized with phenobarbital. Neurons were intracellularly recorded with micropipettes filled with K+-methylsulphate + 4% HRP in phosphate buffer (pH 7.4). Successful recordings and stainings were obtained from 31 neurons. Intracellular recordings were distinguished as either intrasomatic or intradendritic. Action potentials (APs) recorded from somata were distinguished by their fast hyperpolarizing afterpotential from those recorded within dendrites. Dendritic APs were broader and often followed by an afterdepolarization. The firing patterns elicited by depolarizing current pulses allowed to distinguish 3 groups of neurons. (a) Group A neurons with a moderate firing-rate of up to 17 APs during a 100 ms depolarizing current pulse of 3.5 nA comprised small and large pyramidal cells and one aspiny multipolar neuron, probably a large basket neuron. (b) Group B neurons generated bursts, which either occurred spontaneously or during low intensity current injection. These neurons were classified as small pyramidal neurons and spiny star cells. (c) Group C neurons had a firing rate 3 times as high as group A neurons. These neurons were small aspiny cells with radial dendritic fields, which were classified as local interneurons. Intradendritic recordings were characterized by the occurrence of broad APs, most likely generated within the dendritic tree. Intracellular current injections produced burst-like potentials consisting of several APs with different amplitude and duration. In 3 penetrations of one apical dendrite up to 4 neurons were stained. In these recordings APs activated by intracellular current injection were particularly broad (up to 40 ms). The results suggest that neuronal firing patterns observed in in-vitro neocortical slices are also observed in in-vivo conditions.